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APPARATUS FOR DYNAMICALLY 
ADJUSTING SIZE OF AN ORIFICE TO 
INCREASE ACCURACY IN MEASURING 

THE RATE OF AIR FLOW 

FIELD OF THE INVENTION 

The invention generally relates to How adapter mecha 
nisms of the type used to measure the rate at Which air ?oWs 
into the brake pipe of a locomotive. More particularly, the 
invention pertains to a dynamic ?oW adapter that is capable 
of dynamically varying the How of air through the adapter 
according to the magnitude of the How rate it is used to 
measure. Still more particularly, the dynamic ?oW adapter 
(i) employs for loW to medium ?oW rates a primary ori?ce 
in a primary passage through Which air ?oWs to provide 
highly accurate measurements of How rate and (ii) also 
opens for higher ?oW rates, to the eXtent determined by the 
magnitude of the How rate, a dynamic ?oW valve disposed 
in a supplemental passage so as to assure that a suf?cient 
quantity of air can be provided to the brake equipment of the 
train When the brake pipe must be quickly charged. 

BACKGROUND OF THE INVENTION 

The folloWing background information is provided to 
assist the reader to understand the environment in Which the 
invention Will typically be used. The terms used herein are 
not intended to be limited to any particular narroW interpre 
tation unless speci?cally stated otherWise in this document. 
A freight train typically includes a plurality of 

locomotives, a plurality of railcars and a pneumatic trainline 
knoWn as the brake pipe. Aconventional freight train has its 
locomotives connected in series to form What is referred to 
as a locomotive consist. Alternatively, another type of 
freight train has its locomotives strategically positioned 
throughout the train so as to distribute more evenly the 
propulsive and braking poWer along its length. A train With 
its locomotives distributed in this Way is said to operate in 
a mode of operation referred to as either distributed poWer 
operation or multiple unit service. The locomotives of a 
multiple unit freight train are equipped, collectively, With 
special equipment knoWn as a Remote Multiple Unit (RMU) 
control system. Before discussing the speci?c aspects of 
conventional and multiple unit freight trains to Which the 
invention relates, more elementary aspects of train operation 
are introduced to aid the reader in understanding the pre 
ferred use(s) to Which the invention Will be put. 

The brake pipe is the means by Which service and 
emergency brake commands are pneumatically conveyed 
from the brake control system in the lead locomotive to each 
of the vehicles in the train. The brake pipe is essentially one 
long continuous tube that runs from the lead locomotive to 
the last railcar. The brake pipe is actually composed of a 
series of interconnected pipe lengths, With one pipe length 
secured to the underside of each vehicle. The brake pipe is 
formed by connecting each pipe length via a coupler to 
another such pipe length on an adjacent vehicle. 

It is to the brake pipe that the pneumatic brake equipment 
on each railcar interconnects via a branch pipe. The pneu 
matic brake equipment typically includes an auXiliary 
reservoir, an emergency reservoir, one or more brake cyl 
inders and at least one brake control valve such as an ADB, 
ABDX or ABDW type valve made by the Westinghouse Air 
Brake Company (WABCO). Under conditions knoWn in the 
brake control art, each brake control valve charges its tWo 
reservoirs With the pressuriZed air it receives from the brake 
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2 
pipe. It is the pressure level Within the brake pipe that 
determines Whether a brake control valve Will indeed charge 
its reservoirs or deliver pressuriZed air previously stored in 
one or both of its reservoirs to the brake cylinders. When so 
pressuriZed, each brake cylinder converts the pressuriZed air 
its receives from its brake control valve to mechanical force. 
From the brake cylinders this force is transmitted by 
mechanical linkage to the brake shoes. The magnitude of the 
force applied to the Wheels and/or disc brakes of the railcar 
is directly proportional to the pressure built up in the brake 
cylinders. Forced against the Wheels and/or disc brakes, the 
brake shoes are used to sloW and/or stop the rotation of the 
Wheels. It is thus the pressure level in the brake pipe that 
determines Whether and to What eXtent the railcar brakes Will 
be applied. 

In addition to the brake pipe, a locomotive has its oWn 
pneumatic trainlines including a main reservoir equaliZing 
(MRE) pipe, an independent application and release (IAR) 
pipe, and an actuating pipe. Within a locomotive consist, the 
MRE, actuating and IAR pipes of each locomotive connect 
to the MRE, actuating and IAR pipes of the adjacent 
locomotives. The MRE pipe is used to equaliZe the pressure 
betWeen the main reservoirs of each locomotive in the 
consist. Air stored in the main reservoir of a locomotive is 
used to charge the brake pipe to a normal operating pressure 
of approximately 90 psi When the brakes are released. It is 
the pressure Within the IAR pipe that controls the delivery of 
pressuriZed air to, and thus the operation of, the brakes of the 
locomotive(s) in the freight train. 
A locomotive has a brake control system such as any one 

of the various EPIC® Brake Equipment Systems produced 
by WABCO. An EPIC® brake control system generally 
includes a cab station unit, a keyboard, a display, a loco 
motive interface unit (LIU), a brake control computer and a 
pneumatic operating unit. The cab station unit generates 
various signals including those representing the positions of 
the automatic and independent brake handles, and through 
its cab control computer conveys commands corresponding 
thereto to the brake control computer. By moving the 
independent brake handle, the train engineer can order the 
brakes to be applied and released only on the locomotive(s). 
By moving the automatic brake handle, the train engineer 
can order the brakes to be applied and released not only on 
the locomotive(s) but also on all railcars in the train. The 
level to Which the brake pipe pressure is reduced or 
increased, and thus the amount of braking poWer exerted by 
the brakes, corresponds to the position of the automatic 
brake handle. 

The keyboard also permits access to the brake equipment, 
alloWing, for eXample, the train engineer to select Whether 
the locomotive Will be set in the LEAD CUT-IN, LEAD 
CUT-OUT or TRAIL mode of operation. By vieWing the 
display, the train engineer can monitor the operation of the 
brake equipment. The LIU connects poWer and certain 
electrical trainlines to the brake equipment and provides 
various knoWn input and control signals to the brake control 
computer. Operating according to its programming code and 
the inputs it receives, the brake control computer governs the 
overall operation of the brakes. According to commands 
received from the brake control computer, it is the pneumatic 
operating unit that controls the pressures in the various 
reservoirs and in the pneumatic trainlines so as to control the 
brakes. 

The pneumatic operating unit features a laminate to Which 
the brake control computer and the various pneumatically 
and electropneumatically operated devices mount. The lami 
nate contains numerous ports and internal passages. 
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Through these ports and internal passages, the laminate 
interconnects these devices to each other and to branch pipes 
that carry air from or to the various storage tanks such as the 
equalizing reservoir and to the actuating pipe, the MRE pipe, 
the IAR pipe, the brake pipe, the brake cylinders and various 
other pipes on the train. 

Among the various devices mounted to the laminate are 
an independent application and release (IAR) control 
portion, a brake cylinder (BC) control portion, and a brake 
pipe (BP) control portion. These control portions are prima 
rily controlled by the brake control computer. The IAR 
control portion features pneumatic logic circuitry along With 
solenoid operated valves by Which the pressure in both the 
actuating and IAR pipes can be controlled. The BC control 
portion also features pneumatic logic circuitry along With 
solenoid operated valves by Which the pressure in the brake 
cylinders on the locomotive can be controlled. The BC 
control portion controls the pressure in the locomotive brake 
cylinders in response to the commands generated by either 
movement of the tWo brake handles or pressure changes in 
the brake pipe, the IAR pipe, the back-up brake or the 
penalty brake circuitry. Especially relevant to the invention 
disclosed beloW is the BP control portion. It uses pneumatic 
logic circuitry and solenoid operated valves by Which the 
pressure in the brake pipe throughout the train can be 
controlled. The BP control portion also controls the emer 
gency venting and the brake pipe cut-off functions as 
described in relevant detail beloW. 

Regarding the modes in Which a locomotive can be set to 
operate, in the LEAD CUT-IN mode the brake control 
computer permits use of both the automatic and independent 
brake handles. This gives the train engineer control over the 
brakes of both the railcars and locomotives in the train. In 
the LEAD CUT-OUT mode, the brake control computer Will 
permit use of the independent brake handle only, except for 
the automatic brake handle When it is placed in the emer 
gency position. This gives the train engineer control over the 
brakes of the locomotives only. In the TRAIL mode, both 
brake handles are disabled except for the emergency posi 
tion of the automatic brake handle. In a train having multiple 
locomotives, all locomotives operating in the TRAIL mode 
are basically subservient to the lead locomotive operating in 
either of the LEAD modes of operation. 

The operation of a BP control portion is affected by the 
mode in Which its locomotive is operated. The BP control 
portion is a knoWn device Whose construction and operation 
is shoWn and explained in greater detail in Operation & 
Maintenance Manual Document No. 4208-32, Rev. Date 
August 1996, published by WABCO and incorporated 
herein by reference. 

FIG. 1 illustrates a typical BP control portion mounted to 
the laminate 12. The BP control portion employs six magnet 
valves and four pneumatic valves. The magnet valves 
include application valve (AMV) 1, release valve (RMV) 2, 
cut-in valve (CIMV) 3, cut-out valve (COMV) 4, and ?rst 
and second emergency valves (EMVl) 5 and (EMV2) 6. The 
pneumatic valves include a charging cut-off valve 7, an 
emergency vent valve 8, a supply valve 9 and an exhaust 
valve 10. It is through these pneumatic valves, as controlled 
by the magnet valves, that the locomotive supplies air to, or 
vents air from, the brake pipe. 

The BP control portion de?nes several passages. Best 
described in terms of netWorks, these passages include a 
primary passage netWork NW and a control passage netWork 
NCP. The primary passage netWork Npp is essentially a Web 
of interconnected passages that is used to interconnect the 
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4 
brake pipe BP to certain chambers of the pneumatic valves. 
Similarly, the control passage netWork NC is used to inter 
connect the magnet valves to a source of control pressure 
such as the ?ltered air (FMR) supplied by the main reservoir 
(MR) of the locomotive. Another passage, the delivery 
passage 90, is interconnected to the MR (via a How adapter 
mechanism 13 introduced infra). The MR, of course, serves 
as a source from Which air can be taken to pressuriZe the 
brake pipe BP via the How adapter mechanism and the 
primary passage netWork NW. Like the How adapter mecha 
nism 13, the BP control portion itself does not directly 
connect to the pneumatic pipes and reservoirs of the loco 
motive. Only indirectly—through the ports and passages of 
the laminate 12 and the various branch pipes leading 
thereto—does the BP control portion communicate ?uidly 
With the pneumatic pipes and reservoirs of the locomotive. 

Regarding the operation of the BP control portion When 
the train engineer chooses to operate the locomotive in the 
LEAD CUT-IN mode, the brake control computer energiZes 
the CIMV 3 and deenergiZes the COMV 4. The COMV 4 via 
its output port then alloWs closing chamber 71 of charging 
cut-off valve 7 to vent to atmosphere. MeanWhile, the CIMV 
3 alloWs ?ltered main reservoir (FMR) air via the control 
passage netWork NCP to How to the ?rst inlet of double check 
valve 11. Air from the brake pipe BP is also able to How 
through the primary passage netWork NW through vent 
chamber 73 of charging cut-off valve 7 to the second inlet of 
double check valve 11. Whichever of the FMR and BP air 
streams exhibits the greater pressure, double check valve 11 
directs the higher pressure air through its outlet to the 
opening chamber 72 of charging cut-off valve 7. If the 
pressure in either the brake pipe BP or the main reservoir 
(FMR) is suf?cient to overcome the spring bias of charging 
cut-off valve 7, valve 7 assumes the cut-in in position (not 
shoWn) in Which the brake pipe BP (via the primary passage 
netWork NW and vent chamber 73) is in communication With 
intermediate chamber IC situated betWeen the supply and 
exhaust valves 9 and 10. 
When the automatic brake handle is moved to its release 

position, the brake control computer energiZes both AMV 1 
and RMV 2. The AMV 1 in its energiZed state disconnects 
its output port from its exhaust port thereby preventing air in 
the equalizing reservoir (ER) control chamber 101 from 
escaping to atmosphere. MeanWhile, the RMV 2 alloWs 
FMR air via the control passage netWork to How into the ER 
control chamber 101 of exhaust valve 10. Consequently, as 
pressure builds in the ER control chamber 101, the pressure 
builds in the equaliZing reservoir (ER) via the ER pipe. This 
pressure build up causes the exhaust valve 10 to move 
further to the right so as to unseat via valve stem 103 supply 
valve 9. Air from the MR of the locomotive is then able to 
How (through the How adapter mechanism) into delivery 
passage 90 through supply chamber 91 through chamber IC 
and into charging cut-off valve 7. Because the locomotive is 
operating in the LEAD CUT-IN mode, cut-off valve 7 is 
open so the air from the MR continues ?oWing through vent 
chamber 73 and the primary passage netWork NW into the 
brake pipe BP. Pressure in the brake pipe thus rises along 
With the pressure in the equaliZing reservoir. As detailed 
beloW, the How adapter mechanism provides to the brake 
control computer an electrical signal indicative of the rate at 
Which air is ?oWing into brake pipe BP. For as long as valve 
7 is held in the cut-in position (i.e., locomotive operated in 
the LEAD CUT-IN mode) and the automatic brake handle 
kept in the release position, the MR Will remain in commu 
nication With the brake pipe BP, endeavoring to keep the 
brake pipe BP fully charged even if the brake pipe BP leaks. 
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Responding pneumatically to this increase in brake pipe 
pressure, the brake control valves on each railcar then vent 
air from the brake cylinders to release completely the railcar 
brakes. Incidentally, the BC control portion releases the 
locomotive brakes by responding both pneumatically to the 
increase in brake pipe pressure and electrically (via solenoid 
operated valves) to the ensuing commands issued by the 
brake control computer. 

Should the automatic brake handle then be moved into its 
full service position or any other position betWeen minimum 
and continuous service, the brake control computer deener 
giZes both the AMV 1 and the RMV 2. The AMV 1 in its 
deenergiZed state connects its output port to its exhaust port 
thereby alloWing air in the ER control chamber 101 to 
escape to atmosphere. MeanWhile, the RMV 2 disconnects 
its input port from its output port thereby preventing FMR 
air via the control passage netWork from ?oWing into the ER 
control chamber 101. Consequently, as pressure drops in the 
ER control chamber 101, the pressure drops in the equaliZ 
ing reservoir via the ER pipe. This pressure drop causes the 
exhaust valve 10 to move back to the left so as to seat supply 

valve 9 (shoWn) and unseat itself (not shoWn). With supply 
valve 9 closed, this prevents air from the MR from ?oWing 
(via the How adapter mechanism and delivery passage 90) 
through supply chamber 91 into chamber IC and thereby 
disconnects the MR from the brake pipe BP. With exhaust 
valve 10 open and charging cut-off valve 7 still in the cut-in 
position (i.e., open), air is able to How from brake pipe BP 
(through primary passage netWork NW) into vent chamber 
73. Air from the brake pipe BP continues ?oWing through 
intermediate chamber IC and the exhaust chamber 102 of 
exhaust valve 10 to atmosphere via exhaust passage 104 and 
exhaust port EX. Pressure in the brake pipe thus drops along 
With the pressure in the equaliZing reservoir. 

Responding pneumatically to this decrease in brake pipe 
pressure, the brake control valves on each railcar supply 
pressuriZed air from the appropriate reservoir(s) to the brake 
cylinders to apply the railcar brakes. Pressure transducers 
provide signals indicative of the current pressures in the 
equaliZing reservoir and brake pipe BP to the brake control 
computer. Based in part on these signals, the brake control 
computer then commands the BC control portion to direct 
air (via solenoid operated valves) from the main reservoir to 
the locomotive brake cylinders to apply the locomotive 
brakes. 
When the equaliZing reservoir pressure has reached the 

level corresponding to the position of the automatic brake 
handle, or upon moving the handle back into the service 
Zone from the continuous service position, for example, the 
brake control computer reenergiZes the AMV 1. The AMV 
1 thus again disconnects its output port from its exhaust port 
thereby preventing air in the ER control chamber 101 from 
escaping to atmosphere. The RMV 2, still deenergiZed, 
prevents FMR air via the control passage netWork NCP from 
?oWing into the ER control chamber 101. Consequently, the 
pressure is held constant in ER control chamber 101 as Well 
as in the equalizing reservoir via the ER pipe. Exhaust valve 
10 remains open as long as the pressure of the air existing 
in the brake pipe BP (and primary passage netWork NW, vent 
chamber 73, chamber IC and exhaust chamber 102) over 
comes the opposing bias of exhaust valve 10. The overall 
bias of the exhaust valve 10, hoWever, is selected so that the 
exhaust valve 10 closes once the brake pipe pressure drops 
to match that in the equaliZing reservoir. The BP control 
portion thus assumes a lap state in Which the pressure Within 
the equaliZing reservoir ER and the brake pipe BP is held at 
the existing level. 
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6 
Responding to this constant brake pipe pressure, the brake 

control valves on each railcar also assume a lap state in 
Which the force With Which the railcar brakes are applied is 
held constant. The BC control portion folloWs by assuming 
a lap state in Which the pressure in the locomotive brake 
cylinders is also held at the then existing pressure level. 

Should the automatic brake handle be moved into its 
emergency position, the BP control portion is controlled in 
essentially the same Way as it is When the automatic brake 
handle is placed in its continuous service position. In 
addition, the cab control computer conveys to the brake 
control computer the emergency command, i.e., the signal 
indicating that the automatic brake handle has been placed 
in the emergency position. The brake control computer 
responds by immediately energiZing the EMV1 5. The 
EMV1 5 in its energiZed state connects its input and output 
ports thereby alloWing FMR air (via control passage net 
Work Nap) to How to the opening chamber 81 of emergency 
vent valve 8. Placing the automatic brake handle into its 
emergency position also closes a microsWitch (not shoWn). 
When closed, the microsWitch energiZes the EMV2 6. The 
EMV2 6 in its energiZed state likeWise connects its input and 
output ports thereby alloWing FMR air (via control passage 
netWork NCP) to How to opening chamber 81. This quick 
pressure build up in opening chamber 81 causes the emer 
gency vent valve 8 to open and thereby vent the brake pipe 
BP (via primary passage netWork NW) to atmosphere at an 
emergency rate. 

Responding pneumatically to the precipitous drop in 
brake pipe pressure, the brake control valves on each railcar 
quickly supply pressuriZed air to the brake cylinders thereby 
applying the railcar brakes. The BC control portion responds 
as Well by directing air from the main reservoir to the 
locomotive brake cylinders thereby quickly applying the 
locomotive brakes. 

Regarding the operation of the BP control valve portion 
When the train engineer chooses to operate the locomotive in 
the TRAIL mode, the brake control deenergiZes the CIMV 
3 and energiZes the COMV 4. The CIMV 3 in its deenmer 
giZed state connects its output port to its exhaust port thereby 
venting the ?rst inlet of the double check valve 11 to 
atmosphere. The opening chamber 72 of charging cut-off 
valve 7 can thus only receive air from the brake pipe BP (via 
the second inlet of double check valve II, vent chamber 73 
and primary passage netWork NW). MeanWhile, the COMV 
4 connects its input and ouput ports thereby alloWing FMR 
air via the control passage netWork NCP to How to the closing 
chamber 71 of cut-off valve 7. Along With the spring bias of 
valve 7, the pressure exerted by FMR air stream forces 
charging cut-off valve 7 to close. Charging cut-off valve 7 
thus assumes the cut-off position, as shoWn in FIG. 1, in 
Which the brake pipe no longer communicates (via the 
primary passage netWork NW) With intermediate chamber 16. 

Operating a locomotive in the TRAIL mode prevents its 
BP control portion from affecting the pressure Within the 
brake pipe as long as its automatic brake handle is kept 
outside the emergency position. Because the charging cut 
off valve 7 is closed When the locomotive is operating in the 
TRAIL mode, the brake pipe BP cannot communicate With 
chamber IC situated betWeen the supply and exhaust valves 
9 and 10. Consequently, the brake pipe BP can neither be 
exhausted (as netWork NW and chamber 73 are blocked from 
chamber 16, chamber 102, passage 104 and port EX) nor 
charged (as the MR, the How adapter mechanism, and 
delivery passage 90 are blocked from chamber 73 and 
netWork NW). 
When the automatic brake handle is moved into the 

emergency position, the BP control portion Will affect brake 
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pipe pressure even though its charging cut-out valve 7 is in 
the cutout position. As described previously, moving the 
automatic brake handle into the emergency position causes 
both EMV1 5 and EMV2 6 to energiZe thereby allowing 
FMR air (via the control passage netWork NCP) to How 
rapidly to opening chamber 81. This quick pressure build up 
in opening chamber 81 causes the emergency vent valve 8 
to open and thereby vent the brake pipe BP (via primary 
passage netWork NW) to atmosphere at an emergency rate. 

Responding pneumatically to the precipitous drop in 
brake pipe pressure, the brake control valves on each railcar 
quickly supply pressuriZed air to the brake cylinders thereby 
applying the railcar brakes. The BC control portion responds 
as Well by directing air from the main reservoir to the 
locomotive brake cylinders thereby quickly applying the 
locomotive brakes. 

FloW adapter mechanisms of varying design have long 
been used to monitor the status of the brake pipe. In practice, 
a How adapter mechanism is typically mounted to the 
laminate 12 and incorporated betWeen the MR and the 
delivery passage 90 of the BP control portion. Generically 
illustrated in FIG. 1 is one such adapter mechanism 13. It is 
through the How adapter mechanism 13 that air from the MR 
must How to reach the BP control portion on the locomotive. 
Whether this air stream is actually channeled to the brake 
pipe BP at any given time depends, of course, on hoW the BP 
control portion is operated. 
A simpli?ed cross-sectional vieW of such a mechanism, 

such as the L-19-B ?oW adapter mechanism produced by 
WABCO, is shoWn in FIG. 2. The body of the mechanism 
de?nes an input passage 20, input chamber 21, an output 
chamber, and an output passage 30. BetWeen the input and 
output chambers is de?ned an ori?ce 25 measuring 1%4ths 
of an inch in diameter. The input passage 20 connects 
ultimately to the MR Whereas the output passage 30 con 
nects to the delivery passage 90 of the BP control portion. 
Tapped into chambers 21 and 29, a differential pressure 
transducer 22 simultaneously senses the pressure in each 
chamber and generates an electrical signal Whose voltage, 
current or other electrical quality is proportional to the 
difference in pressure across the ori?ce. This analog elec 
trical signal is provided to the brake control computer Where 
it is converted to digital form. 
By this electrical signal, the rate at Which air ?oWs 

through the ori?ce 25, and thus the rate at Which the brake 
pipe BP is being pressuriZed via the BP control portion, is 
being conveyed to the brake control computer. The brake 
control computer not only acts upon the resulting digital 
signal, as described infra, but conveys it to the cab control 
computer. The cab control computer, in turn, conveys it to 
the display on Which the train engineer can monitor the 
current rate, if any, at Which air is ?oWing to the brake pipe 
BP of the locomotive. 

It is important to keep the train engineer apprised of the 
current ?oW rate for several reasons. For eXample, before a 
freight train is ready to depart from a stop, the train engineer 
must be certain that the train is safe to operate. This includes 
making sure that the storage reservoirs on each vehicle have 
fully charged since the last brake application. During normal 
operation, as the brake pipe is being charged, the How rate 
indicator on the display should shoW the How rate gradually 
decreasing, eventually falling beloW a preset level. Once the 
How rate drops beloW this preset level (e.g., 60 cubic feet per 
minute (CFM) for some railroad companies), the train 
engineer knoWs that the storage reservoirs noW contain an 
amount of air adequate to make the neXt brake application. 
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If the How rate doesn’t fall beloW the preset level, this 
indicates a problem Within the charging system, typically a 
rather substantial leak from the brake pipe. As another 
eXample, during normal operation With the brakes com 
pletely released, the How rate indicator should indicate a 
relatively constant value (e.g., 59 CFM). This value indi 
cates the rate at Which air is ?oWing into the brake pipe to 
compensate for the air inevitably lost due to minor leakage. 
It Will vary from train to train based on factors such as 
ambient temperature, the condition of the brake control 
valves on the railcars, and the eXtent to Which the brake pipe 
leaks. 

Yet another eXample involves hoW the train engineer can 
use the How rate indicator to determine When a restriction in 
the brake pipe has developed. When the brakes are released 
after a brake application, the train engineer Would normally 
eXpect to observe a relatively high ?oW rate initially, With 
the rate eventually decaying to the aforementioned constant 
level. Should the How rate be abnormally loW, and/or its 
duration unusually short, this could indicate an obstruction 
in the brake pipe. Apprised of an abnormal ?oW rate, the 
train engineer can take Whatever appropriate action is nec 
essary to correct the problem. 
A How rate greater than 60 CFM Will typically be encoun 

tered only When the brake pipe is being initially charged or 
When it is being re-pressuriZed (to release the brakes) after 
a previous brake application. A How rate greater than 100 
CFM for an eXtended period of time Will be encountered 
only When the brake pipe is being initially charged or When 
an abnormal condition has occurred someWhere in the 
charging system. The L-19-B ?oW adapter mechanism is 
adjustable to accommodate the How characteristics peculiar 
to the piping of any particular locomotive. A lock nut and set 
screW 13a provide the means to calibrate the mechanism. 
After loosening the lock nut, the set screW may be turned to 
increase ?oW or to decrease ?oW. Tightening the lock nut 
secures the set screW in the desired position. Proper cali 
bration of the ori?ce enables such a How adapter mechanism 
to provide a satisfactory ?oW rate to the brake equipment on 
any given freight train. 

For a train equipped With the RMU control system for 
distributed poWer operation, the lead locomotive is operated 
in the LEAD CUT-IN mode, With each of the remote 
locomotives set to operate as indicated beloW. As is Well 
knoWn in the industry, components of the RMU control 
system are integrated into the brake and propulsion control 
systems of each locomotive. Each locomotive is equipped 
With a transceiver, specialiZed coding and decoding 
equipment, and various componentry that interface With the 
on-board brake and propulsion control systems. Merely by 
manipulating the brake handles and/or throttle controls in 
the lead locomotive can the engineer control all of the 
locomotives in the train. Speci?cally, the RMU components 
in the lead locomotive receive the brake and/or throttle 
commands from the on-board brake and propulsion control 
systems. These commands are converted to coded radio 
signals and transmitted to each of the remote locomotives. In 
each remote locomotive, the radio signals are decoded, then 
conveyed to and acted upon by the on-board brake and 
propulsion control systems. Each remote locomotive thus 
carries out the same brake and/or throttle commands as does 
the lead locomotive. The RMU control system also alloWs 
the engineer not only to monitor hoW each remote locomo 
tive responded to the brake and/or throttle commands but 
also to control the remote locomotives independently of the 
lead locomotive. 
On each remote locomotive, the RMU componentry is 

capable of alloWing the brake and propulsion control sys 
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tems to operate safely should the radio link between the lead 
and remote locomotives fail or be otherWise interrupted. 
This capability is colloquially referred to as the Comm 
Loss/Idle DoWn feature. In each remote locomotive, this 
feature has traditionally been implemented, in part, by using 
the How adapter mechanism, With the charging cut-out valve 
7 commanded to the cut-in position and the automatic brake 
handle commanded to the release position. 

Consider, for eXample, a situation in Which the RMU 
control system is operating normally, With each locomotive 
operating at full poWer and maintaining the brake pipe fully 
pressuriZed as is required When the brakes are released. 
Should radio communications then be interrupted, each 
affected remote locomotive Will continue to operate, accord 
ing to the last commands it received, for up to a ?xed period 
of time, usually 90 minutes maximum, from the time at 
Which communications ?rst failed. If the train engineer in 
the lead locomotive applies the brakes While the radio link 
is offline, the RMU componentry in each affected locomo 
tive Will operate according to the Comm Loss/Idle DoWn 
feature. Speci?cally, the How adapter mechanism provides 
to the RMU componentry an electrical signal indicative of 
the current rate at Which air is ?oWing into the brake pipe. 
Operating according to its programming, the RMU compo 
nentry eventually discerns that the current ?oW rate is 
signi?cantly greater than that required to compensate for the 
air lost due to normal leakage. More speci?cally, the RMU 
componentry concludes that the high ?oW rate is character 
istic of a pneumatic command to apply the brakes rather than 
mere leakage from the brake pipe. 

Having discerned the signi?cance of the high ?oW rate, 
the RMU componentry directs the on-board propulsion and 
brake control systems to operate in a safe mode. Speci?cally, 
the propulsion control system is directed to idle the engine 
(s) of the locomotive. MeanWhile, the brake control system 
is directed to sWitch charging cut-off valve 7 to the cut-out 
position, thereby preventing the BP control portion from 
affecting the pressure in the brake pipe. In this manner, each 
remote locomotive that has lost radio contact With the lead 
locomotive under such circumstances Will be rendered inca 
pable of affecting propulsion and braking on the freight 
train. Only the lead locomotive, and those remote locomo 
tives still in radio contact thereWith, Will be able to affect the 
pressure in the brake pipe of the train. The Comm Loss/Idle 
DoWn feature thus assures that all railcars in an RMU train 
Will be braked consistently and safely should a brake appli 
cation be made While one or more of the remote locomotives 
are out of radio contact With the lead locomotive. 

The accuracy of prior art ?oW adapter mechanisms used 
to measure ?oW rate is limited due to their design. As is Well 
knoWn in the pneumatic arts, several factors in?uence hoW 
accurately the How rate can be measured. The diameter of 
the ori?ce and the pressure of the incoming air stream are 
but tWo of the factors. Generally, for a given ?oW rate, the 
measurement of ?oW rate becomes more accurate as one 

increases the difference in pressure across the ori?ce. This 
pressure differential, of course, can be increased by reducing 
the siZe of the ori?ce. 

Reducing the siZe of the ori?ce, hoWever, Would reduce 
the How rate through the How adapter mechanism and thus 
eXtend the time it takes to pressuriZe the brake pipe. 
Unfortunately, many of the railcars on the train may be 
equipped With brake control valves of a type Whose opera 
tion may be adversely affected by loWering the rate at Which 
the brake pipe is pressuriZed. 
FloW adapter mechanisms have traditionally been 

designed to strike a balance betWeen the need for a high 
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How rate so as to assure that the railcar brake control valves 
Will Work properly and (ii) the need to measure ?oW rate 
accurately on both conventional and RMU freight trains. On 
conventional freight trains, an accurate measurement of How 
rate is important to keep the train engineer apprised of the 
condition of the brake pipe. It plays an even more critical 
role on RMU freight trains, With respect to the ability of a 
remote locomotive to detect, and act upon, a brake applica 
tion during disruption of the radio link. In striking this 
balance, the railroad industry has traditionally used a 1%4ths 
of an inch ori?ce in its ?oW adapter mechanisms. 

Another type of How adapter mechanism, one having a 
smaller siZed ori?ce accompanied by a mechanical check 
valve, has also been tried. The small ori?ce is used during 
periods in Which the How rate is loW. This, of course, 
provides a How rate measurement of greater accuracy. 
During periods in Which the How is high, hoWever, the check 
valve opens to increase the rate at Which air ?oWs into the 
brake pipe. This particular ?oW adapter mechanism, 
hoWever, proved to have certain shortcomings. First, With 
the check valve open, it provided a How rate unacceptably 
high for some of the brake equipment With Which it Was 
used. Second, the accuracy of the How rate measurement 
decreased far too dramatically When the check valve Was 
opened. 
A?oW adapter mechanism that Would enable the How rate 

to be measured more accurately, and yet still alloW a high 
?oW rate during charging of the brake pipe, Would be 
Welcome in the railroad industry. This is true for conven 
tional freight trains, but especially so for RMU equipped 
trains. Improving the sensitivity and accuracy With Which 
the How rate is measured Will make a remote locomotive 
even more reliable in its detection of, and reaction to, a brake 
application during loss of radio contact. 

OBJECTIVES OF THE INVENTION 

It is, therefore, a primary objective of the invention to 
provide a dynamic ?oW adapter that can be used to measure 
accurately the rate at Which air ?oWs into the brake pipe 
When air is ?oWing into it at loW to medium ?oW rates, and 
yet still alloW the brake pipe to be charged quickly at higher 
?oW rates. 

Another objective is to provide a dynamic ?oW adapter 
that can be used to provide a more accurate measurement of 
How rate With Which to keep the train engineer in the 
locomotive better apprised of the condition of the brake 
pipe. 

Yet another objective is to provide a dynamic ?oW adapter 
that Will enable a remote locomotive in an RMU freight 
train, While monitoring the How of air into the brake pipe, to 
distinguish more easily betWeen the rate at Which air nor 
mally ?oWs into the brake pipe to compensate for minor 
leakage and the rate characteristic of a pneumatic command 
to apply the brakes. 

Still another objective is to provide a dynamic ?oW 
adapter that Will enable a remote locomotive in an RMU 
freight train to detect more readily, and act upon, a brake 
application during disruption of its radio link With the lead 
locomotive. 
A further objective of the invention is to provide a 

dynamic ?oW adapter that more ?nely balances the need 
for a high ?oW rate so as to assure that the railcar brake 
control valves Will Work properly With (ii) the need to 
measure ?oW rate accurately on both conventional and RMU 
freight trains. 

In addition to the objectives and advantages listed above, 
various other objectives and advantages of the invention Will 
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become more readily apparent to persons skilled in the 
relevant art from a reading of the detailed description section 
of this document. The other objectives and advantages Will 
become particularly apparent When the detailed description 
is considered along With the draWings and claims presented 
herein. 

SUMMARY OF THE INVENTION 

In a presently preferred embodiment, the invention pro 
vides a dynamic ?oW adapter for use in measuring the rate 
at Which air ?oWs into the brake pipe of a locomotive. The 
dynamic ?oW adapter includes a housing, a dynamic ?oW 
valve and a differential pressure transducer. The housing 
de?nes an input passage, an input chamber, a primary 
passage, a supplemental passage, an output chamber, a 
secondary passage and an output passage. The primary 
passage contains a primary ori?ce having a ?rst diameter. 
The secondary passage contains a secondary ori?ce having 
a second diameter. The input passage directly communicates 
With the input chamber, and the input and output chambers 
communicate through the primary ori?ce in the primary 
passage. The output chamber communicates With the output 
passage through the secondary ori?ce in the secondary 
passage. The supplemental passage is in parallel With the 
primary passage and When opened alloWs further commu 
nication betWeen the input and output chambers. The 
dynamic ?oW valve is disposed Within the supplemental 
passage. When the rate at Which the air is ?oWing from the 
input passage into the input chamber is less than or equal to 
a predetermined threshold amount, the dynamic ?oW valve 
closes the supplemental passage. When the rate at Which the 
air is ?oWing into the input chamber is greater than the 
predetermined threshold amount, the dynamic floW valve 
opens the supplemental passage to an eXtent determined, up 
to a fully open position, by the magnitude of the How rate. 
This alloWs air to How through the supplemental passage, in 
addition that ?oWing through the primary passage. The 
differential pressure transducer generates an electrical signal 
proportional to the difference in pressure betWeen input and 
output chambers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional vieW of a BP control portion 
and a conventional ?oW adapter mechanism shoWing the 
laminate of a pneumatic operating unit to Which they both 
mount. 

FIG. 2 is an abbreviated cross-sectional vieW of the 
conventional ?oW adapter mechanism shoWn in FIG. 1. 

FIG. 3 is a cross-sectional vieW of a dynamic ?oW adapter 
according to the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Before describing the invention in detail, the reader is 
advised, for the sake of clarity and understanding, that 
identical components having identical functions have been 
marked Where possible With the same reference numerals in 
each of the Figures provided in this document. 

FIG. 3 illustrates the essential details of the invention, 
namely, a dynamic ?oW adapter, generally designated 200. 
The dynamic ?oW adapter 200 includes a differential pres 
sure transducer 22, a dynamic ?oW valve 51 and a housing 
201. The housing 201 de?nes an input passage 20, input 
chamber 41, an output chamber 49, and an output passage 
30. BetWeen the input and output chambers 41 and 49 is 
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de?ned a primary passage 40 and a supplemental passage 
50. Supplemental passage 50 is preferably positioned par 
allel to and beloW primary passage 40. Within primary 
passage 40 is de?ned a primary ori?ce 45. BetWeen the 
output chamber 49 and the output passage 30 is de?ned a 
secondary passage 60 Within Which is contained a secondary 
ori?ce 65. 

The input passage 20 communicates directly With input 
chamber 41, and input chamber 41 communicates With 
output chamber 49 through the primary ori?ce 45 in primary 
passage 40. The output chamber 49 communicates With 
output passage 30 through the secondary ori?ce 65 in 
secondary passage 60. Fitted Within supplemental passage 
50 is the dynamic ?oW valve 51. When dynamic ?oW valve 
51 is open, supplemental passage 50 also alloWs communi 
cation betWeen the input and output chambers 41 and 49. 
The dynamic ?oW adapter 200 Will preferably be incor 

porated into the brake control system of the locomotive in 
the same manner as the prior art ?oW adapter mechanism 13 
shoWn in FIG. 1. Speci?cally, the dynamic ?oW adapter 200 
may have its input passage 20 connected to the MR of the 
locomotive. More particularly, the input passage 20 Will 
preferably connect to the MR through the main reservoir of 
the locomotive, and the output passage 30 Will preferably 
connect to the delivery passage 90 of the BP control portion. 
Installed in this manner, the dynamic ?oW adapter 200 can 
be used to measure the rate at Which air ?oWs from the MR 
to the brake pipe BP of the locomotive. Whether any air is 
actually channeled to the brake pipe BP at any given time 
depends, of course, on hoW the BP control portion is 
operated by the brake control system and/or the RMU 
control system as noted earlier in the background section. 

Referring noW to the structure of dynamic ?oW valve 51, 
this How valve features a valve stem 52, a spring 53 and a 
valve head 54. As vieWed from the perspective of FIG. 3, the 
valve stem 52 takes the form of a shaft, With a contact plate 
55 attached to its left end and valve head 54 attached to its 
right end. The contact plate 55 has a front surface and a rear 
surface. Any air ?oWing from the MR through input passage 
20 into input chamber 41 Will impact the front surface of 
contact plate 55. The rear surface of contact plate 55 serves 
as a ?rst spring seat for spring 53. Formed annularly Within 
the input side of supplemental passage 50 is a second spring 
seat 56 into Which an annularly shaped resilient disk 58 is 
preferably inserted as a liner for seat 56. Formed annularly 
Within the output side of supplemental passage 50 is a valve 
seat 59. Compressed betWeen ?rst and second spring seats 
55 and 56 and concentric to the shaft of valve stem 52, 
spring 53 normally biases the dynamic ?oW valve 51 into the 
closed position. In the closed position, dynamic ?oW valve 
51 has the left side of its valve head 54 seated against valve 
seat 59 by the force of spring 53. 
The differential pressure transducer 22 is pneumatically 

tapped into input chamber 41 by passageWay 26 and into 
output chamber 49 by passageWay 27. Differential pressure 
transducer 22 is used to sense simultaneously the pressure in 
each chamber and generate an analog electrical signal Whose 
voltage, current or other electrical quality is proportional to 
the difference in pressure eXisting across primary ori?ce 45 
and supplemental passage 50. As With the prior art mecha 
nism 13, this analog electrical signal is carried by the 
appropriate Wiring to the brake control computer Where it is 
converted to digital form and acted upon according to the 
instructions of the railroad company. 

HoW the dynamic ?oW adapter 200 operates mechanically 
depends on the rate at Which air is ?oWing through it. When 
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air ?oWs from the MR through input passage 20 into input 
chamber 41 at a rate less than or equal to a predetermined 
threshold amount, the force With Which the air stream 
impacts the front surface of contact plate 55 is insuf?cient to 
overcome the bias of spring 53. Valve stem 52 thus remains 
stationary, leaving the valve head 54 fully seated against 
valve seat 59. When the rate at Which air ?oWs into input 
chamber 41 increases above the predetermined threshold 
amount, hoWever, the force With Which the air stream 
impacts the contact plate 55 is suf?cient to overcome the 
bias of spring 53. VieWed from the perspective of FIG. 3, 
contact plate 55 moves to the right thus further compressing 
spring 53 betWeen the ?rst and second spring seats. Com 
pelled by contact plate 55, valve stem 52 moves valve head 
54 rightWard off and aWay from valve seat 59. Until it 
reaches its fully open position, valve head 54 Will open to the 
extent determined by the rate at Which the air stream is 
?oWing into input chamber 41. 

Regarding the dimensions of the ori?ces in the dynamic 
?oW adapter 200, the primary ori?ce 45 is preferably 
selected to be less than 1%4ths of an inch in diameter, i.e., 
smaller than the standard ori?ce used in prior art ?oW 
adapter mechanisms. For any given ?oW rate, the pressure 
across primary ori?ce 45 Will thus be greater, as compared 
to the standard ori?ce, due to its smaller dimensions. This 
means that dynamic ?oW adapter 200 Will enable the How 
rate to be measured more accurately than can its prior art 
predecessors. More speci?cally, dynamic ?oW adapter 200 
Will permit a more accurate measurement of How rate When 
it is more important to do so, namely, When the How rate is 
less than or equal to the predetermined threshold amount. 
This is true Whether the invention 200 is installed on a 
locomotive of a conventional or an RMU equipped freight 
train. 
A more accurate measurement of How rate is particularly 

important during periods When the brake pipe is being 
pressuriZed at a rate less than or equal to the predetermined 
threshold amount. On conventional freight trains, the train 
engineer Will be better able to discern the difference betWeen 
normal operation and abnormal operation. For example, in 
the case Where the brakes are completely released, a more 
accurate measurement of the rate at Which air is ?oWing into 
the brake pipe Will alloW the train engineer to discern more 
readily betWeen the rate needed merely to compensate for 
minor leakage and the rate indicative of excessive leakage. 
On RMU freight trains, the RMU componentry in each 
remote locomotive that has lost radio contact With the lead 
locomotive Will be more capable of distinguishing betWeen 
the rate needed merely to compensate for minor leakage and 
the rate characteristic of a pneumatic command to apply the 
brakes. Simply stated, a remote locomotive Will be better 
able to detect, and act upon, a brake application during 
disruption of the radio link. 

The siZe of the secondary ori?ce 65 should be selected to 
accommodate operation of the locomotive When air is charg 
ing the brake pipe at a rate greater than the predetermined 
threshold amount. More speci?cally, the diameter of sec 
ondary ori?ce 65 is preferably selected so that the maximum 
rate at Which air can ?oW through the adapter 200 When 
dynamic ?oW valve 51 therein is fully opened is equivalent 
to that Which the adapter 200 Would alloW if it had a single 
ori?ce measuring 1%4ths of an inch. 

The How rates through primary ori?ce 45 for Which 
accurate measurement is most important Would preferably 
be in the range of 99 CFM and beloW. This means that 
dynamic ?oW valve 51 begins to open at a How rate of 99 
CFM. Equipped With a primary ori?ce of appropriate size, 
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14 
the range of How rates that differential pressure transducer 
22 Would be required to measure Would thus be smaller than 
the range of 135 CFM and beloW typical of prior art ?oW 
adapter mechanisms. 
Each railroad company may act upon the electrical signal 

output by the differential pressure transducer 22 according to 
its oWn particular needs. For example, the brake control 
computer can convert this analog signal to digital form and 
act upon the resulting digital signal as described earlier in 
the background section. This Would include conveying it to 
the cab control computer, With the cab control computer, in 
turn, conveying it to the display. The train engineer can then 
monitor the current rate, if any, at Which air is ?oWing into 
the brake pipe BP of the locomotive merely by glancing at 
the How rate indicator on the display. Optionally, the system 
could also be programmed so that the How rate indicator Will 
indicate only the predetermined threshold value (e.g., 99 
CFM) Whenever the How rate exceeds the predetermined 
threshold amount. This is because ?oW rate values above 99 
CFM on a freight train are only encountered only When the 
brake pipe is being initially charged or When an abnormal 
condition has occurred someWhere in the charging system. 

Equipped With primary and secondary ori?ces 45 and 65 
of the preferred siZes, the dynamic ?oW adapter 200 is better 
able to strike the aforementioned balance. On the one hand, 
for How rates less than or equal to the predetermined 
threshold amount, the dynamic ?oW adapter 200 Will enable 
the How rate to be measured more accurately than the prior 
art ?oW adapter mechanisms. On the other hand, for How 
rates greater than the predetermined threshold amount, espe 
cially When dynamic ?oW valve 51 is fully open, the 
dynamic ?oW adapter 200 Will alloW the brake pipe (and the 
storage reservoirs on the railcars) to be charged Within an 
acceptable period of time. This is important because the 
brake control valves on all the railcars may not operate 
properly if the rate at Which they are supplied With air is too 
loW. The dynamic ?oW adapter 200 thus more ?nely bal 
ances the need for a high ?oW rate to assure the brake 
control valves Work properly against (ii) the bene?ts of 
measuring the How rate more accurately on both conven 
tional and RMU equipped freight trains. 

Differential pressure transducer 22 essentially serves as a 
means for generating an electrical signal proportional to the 
difference in pressure betWeen input chamber 41 and output 
chamber 49. Together With the brake control computer, this 
transducer 22 is used to determine the rate at Which air ?oWs 
through the dynamic ?oW adapter 200. In lieu of differential 
pressure transducer 22, dynamic ?oW adapter 200 may also 
be implemented using any one of the tWo transducer 
arrangements disclosed in US. Pat. No. 5,621,657 to Ferri. 
US. Pat. No. 5,621,657 is assigned to the assignee of the 
invention described and claimed in this document, and its 
teachings are incorporated herein by reference. Various 
other arrangements or even different parts that together 
perform the same function as the cited means are intended 
to be encompassed by one or more of the folloWing claims. 
The presently preferred embodiment for carrying out the 

invention has been set forth in detail according to the Patent 
Act. Persons of ordinary skill in the art to Which this 
invention pertains may nevertheless recogniZe various alter 
native Ways of practicing the invention Without departing 
from the spirit and scope of the folloWing claims. Persons 
Who possess such skill Will also recogniZe that the foregoing 
description is merely illustrative and not intended to limit 
any of the ensuing claims to any particular narroW interpre 
tation. 

Accordingly, to promote the progress of science and the 
useful arts, We secure for ourselves by Letters Patent exclu 
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sive rights to all subject matter embraced by the following 
claims for the time prescribed by the Patent Act. 
We claim: 
1. A dynamic ?oW adapter for use in measuring the rate 

at Which a ?uid ?oWs therethrough, said dynamic ?oW 
adapter comprising: 

(a) an adapter housing de?ning an input passage, an input 
chamber, a primary passage, a supplemental passage, 
an output chamber, a secondary passage and an output 
passage; said primary passage containing therein a 
primary ori?ce having a diameter less than 19/64 inch so 
as to permit accurate measurement of How rates When 
such ?oW rate is one of less than and equal to a 
predetermined threshold amount; said secondary pas 
sage containing therein a secondary ori?ce having a 
second diameter; said input passage directly commu 
nicating With said input chamber; said input and output 
chambers communicating through said primary ori?ce 
in said primary passage; said output chamber commu 
nicating With said output passage through said second 
ary ori?ce in said secondary passage; said supplemental 
passage being in parallel With said primary passage and 
When opened alloWing further communication betWeen 
said input and output chambers; 

(b) a dynamic ?oW valve disposed Within said supple 
mental passage, said dynamic ?oW valve for closing 
said supplemental passage When the rate at Which such 
?uid ?oWs from said input passage to said input cham 
ber is less than or equal to a predetermined threshold 
amount and (ii) opening said supplemental passage, to 
an extent determined up to a fully open position by the 
rate at Which such ?uid ?oWs into said input chamber, 
thereby also alloWing such ?uid to How through said 
supplemental passage When the rate at Which such ?uid 
?oWs into said input chamber is greater than said 
predetermined threshold amount; and 

(c) a means for generating an electrical signal propor 
tional to a difference betWeen pressure sensed in said 
input chamber and pressure sensed in said output 
chamber. 

2. The dynamic ?oW adapter claimed in claim 1 Wherein 
said second diameter of said secondary ori?ce is selected so 
that the rate at Which such ?uid ?oWs through said dynamic 
?oW adapter When said dynamic ?oW valve therein is fully 
opened is equivalent to that Which said dynamic ?oW 
adapter Would alloW if said dynamic ?oW adapter had a 
single ori?ce measuring 1%4ths of an inch in diameter. 

3. The dynamic ?oW adapter claimed in claim 1 Wherein 
said electrical signal that said means generates When said 
dynamic ?oW valve is closed embodies a more accurate 
measurement of the rate at Which such ?uid is ?oWing 
through said dynamic ?oW adapter as compared to said 
electrical signal that said means generates When said 
dynamic ?oW valve is open. 

4. The dynamic ?oW adapter claimed in claim 1 Wherein 
said predetermined threshold amount is approximately 99 
CFM. 

5. The dynamic ?oW adapter claimed in claim 1 Wherein 
said means is a differential pressure transducer that is 
pneumatically tapped into said input chamber by one pas 
sageWay and into said output chamber by another passage 
Way. 

6. The dynamic ?oW adapter claimed in claim 1 Wherein 
said dynamic ?oW valve includes: 

(a) a valve stem longitudinally disposed Within said 
supplemental passage, said valve stem having a shaft 
and a contact plate attached to one end of said shaft, 
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said contact plate having a front surface against 
Which such ?uid ?oWing from said input passage into 
said input chamber impacts and (ii) a rear surface 
serving as a ?rst spring seat; 

(b) a valve head attached to an opposite end of said shaft; 
(c) a second spring seat formed annularly Within an input 

side of said supplemental passage; 
(d) a valve seat formed annularly Within an output side of 

said supplemental passage; and 
(e) a spring concentric to said shaft and compressively 

disposed betWeen said ?rst and second spring seats, 
said spring for biasing said valve head against said 
valve seat; such that When the rate at Which such ?uid 
?oWs into said input chamber is less than or equal to 
said predetermined threshold amount, the force With 
Which such ?uid impacts said contact plate is insuf? 
cient to overcome said bias of said spring thereby 
leaving said valve head seated against said valve seat 
and (ii) greater than said predetermined threshold 
amount, the force With Which such ?uid impacts said 
contact plate is suf?cient to overcome said bias of said 
spring and thereby move said valve head off said valve 
seat to an extent determined, up to a fully open position, 
by the rate at Which such ?uid ?oWs into said input 
chamber. 

7. The dynamic ?oW adapter claimed in claim 1 Wherein 
said second diameter of said secondary ori?ce is selected so 
that the rate at Which such ?uid ?oWs through said dynamic 
?oW adapter When said dynamic ?oW valve therein is fully 
opened is equivalent to that Which said dynamic ?oW 
adapter Would alloW if said dynamic ?oW adapter had a 
single ori?ce measuring approximately 1%4ths of an inch in 
diameter. 

8. The dynamic ?oW adapter claimed in claim 7 Wherein 
said means is a differential pressure transducer that is 
pneumatically tapped into said input chamber by one pas 
sageWay and into said output chamber by another passage 
Way. 

9. The dynamic ?oW adapter claimed in claim 8 Wherein 
said electrical signal that said differential pressure trans 
ducer generates When said dynamic ?oW valve is closed 
embodies a more accurate measurement of the rate at Which 

such ?uid is ?oWing through said dynamic ?oW adapter as 
compared to said electrical signal that said differential 
pressure transducer generates When said dynamic ?oW valve 
is open. 

10. The dynamic ?oW adapter claimed in claim 9 Wherein 
said predetermined threshold amount is approximately 99 
CFM. 

11. The dynamic ?oW adapter claimed in claim 10 
Wherein said dynamic ?oW valve includes: 

(a) a valve stem longitudinally disposed Within said 
supplemental passage, said valve stem having a shaft 
and a contact plate attached to one end of said shaft, 
said contact plate having a front surface against 
Which such ?uid ?oWing from said input passage into 
said input chamber impacts and (ii) a rear surface 
serving as a ?rst spring seat; 

(b) a valve head attached to an opposite end of said shaft; 
(c) a second spring seat formed annularly Within an input 

side of said supplemental passage; 
(d) a valve seat formed annularly Within an output side of 

said supplemental passage; and 
(e) a spring concentric to said shaft and compressively 

disposed betWeen said ?rst and second spring seats, 
said spring for biasing said valve head against said 
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valve seat; such that When the rate at Which such ?uid 
?oWs into said input chamber is less than or equal to 
said predetermined threshold amount, the force With 
Which such ?uid impacts said contact plate is insuf? 
cient to overcome said bias of said spring thereby 
leaving said valve head seated against said valve seat 
and (ii) greater than said predetermined threshold 
amount, the force With Which such ?uid impacts said 
contact plate is suf?cient to overcome said bias of said 
spring and thereby move said valve head off said valve 
seat to an eXtent determined, up to a fully open position, 
by the rate at Which such ?uid ?oWs into said input 
chamber. 

12. A dynamic ?oW adapter for use in measuring the rate 
at Which a ?uid ?oWs therethrough, said dynamic ?oW 
adapter comprising: 

(a) an adapter housing de?ning an input passage, an input 
chamber, a primary passage, a supplemental passage, 
an output chamber, a secondary passage and an output 
passage; said primary passage containing therein a 
primary ori?ce having a ?rst diameter, said ?rst diam 
eter of said primary ori?ce is less than 1%4ths inch; said 
secondary passage containing therein a secondary ori 
?ce having a second diameter; said input passage 
directly communicating With said input chamber; said 
input and output chambers communicating through 
said primary ori?ce; said output chamber communicat 
ing With said output passage through said secondary 
ori?ce; said supplemental passage being in parallel 
With said primary passage and When opened alloWing 
further communication betWeen said input and output 
chambers; 

(b) a dynamic ?oW valve disposed Within said supple 
mental passage, said dynamic ?oW valve including: 
(i) a valve stem longitudinally disposed Within said 

supplemental passage, said valve stem having a shaft 
and a contact plate attached to one end of said shaft, 
said contact plate having a front surface against 
Which such ?uid ?oWing from said input passage 
into said input chamber impacts and a rear surface 
serving as a ?rst spring seat; 

(ii) a valve head attached to an opposite end of said 
shaft; 

(iii) a second spring seat formed annularly Within an 
input side of said supplemental passage; 
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(iv) a valve seat formed annularly Within an output side 

of said supplemental passage; and 
(v) a spring concentric to said shaft and compressively 

disposed betWeen said ?rst and second spring seats, 
said spring for biasing said valve head against said 
valve seat; 

such that When the rate at Which such ?uid ?oWs into said 
input chamber is (A) less than or equal to a predetermined 
threshold amount, the force With Which such ?uid impacts 
said contact plate is insuf?cient to overcome said bias of said 
spring thereby leaving said valve head seated against said 
valve seat and (B) greater than said predetermined threshold 
amount, the force With Which such ?uid impacts said contact 
plate is sufficient to overcome said bias of said spring and 
thereby move said valve head off said valve seat to an eXtent 
determined, up to a fully open position, by the rate at Which 
such ?uid is ?oWing into said input chamber; and 

(c) a means for generating an electrical signal propor 
tional to a difference betWeen pressure sensed in said 
input chamber and pressure sensed in said output 
chamber. 

13. The dynamic ?oW adapter claimed in claim 12, 
Wherein said second diameter of said secondary ori?ce is 
selected so that the rate at Which such ?uid ?oWs through 
said dynamic ?oW adapter When said dynamic ?oW valve 
therein is fully opened is equivalent to that Which said 
dynamic ?oW adapter Would alloW if said dynamic ?oW 
adapter had a single ori?ce measuring 1%4ths of an inch in 
diameter. 

14. The dynamic ?oW adapter claimed in claim 12 
Wherein said electrical signal that said means generates 
When said dynamic ?oW valve is closed embodies a more 
accurate measurement of the rate at Which such ?uid is 
?oWing through said dynamic ?oW adapter as compared to 
said electrical signal that said means generates When said 
dynamic ?oW valve is open. 

15. The dynamic ?oW adapter claimed in claim 12 
Wherein said predetermined threshold amount is approXi 
mately 99 CFM. 

16. The dynamic ?oW adapter claimed in claim 12 
Wherein said means is a differential pressure transducer that 
is pneumatically tapped into said input chamber by one 
passageWay and into said output chamber by another pas 
sageWay. 


